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Abstract
The ligand 1,1-bis[N,N’-(2-diphenylphosphino) 
amide]ferrocene, Fc(CONHCH2CH2PPh2)2 (L),
has been synthesized by reaction of the
chloro carbonyl derivative Fc(COCl)2 and 
the aminophosphine NH2CH2CH2PPh2. The 
coordination properties towards silver(I), gold(I) 
and gold(III) compounds have been explored. 
Several complexes with the diphosphine acting
as bidentate chelating or bridgind ligand have
been prepared. Furthermore the dinuclear species 
[Au2{Fc(CONCH2CH2PPh2)2}] with the ligand
coordinated through the phosphorus and the 
deprotonated amido group have been achieved.
Introduction
Ferrocene is a very versatile molecule with important
properties such as high electron density, aromaticity
and redox reversibility. These characteristics, 
together with the ease of  preparation of  mono and
1,1’-disubstituted ferrocene derivatives with a great 
variety of  organic fragments that may contain O, N, S, 
P, etc. as donor atoms, make ferrocene a very suitable
building block in many ﬁelds of  research (1). Current 
areas of  interest in ferrocene chemistry include the 
use in catalysis, materials and bioinorganic chemistry. 
These functionalized ferrocene derivatives and the 
study of  their coordination to metal centres are 
an important topic of  research in many areas that 
seek special properties of  such species, e.g. non-
linear optical properties, charge transport, liquid 
crystals, electrochemical recognition, catalysis, 
nanoparticles, immunoassay reagents or biological 
applications (1-15).
Phosphorus-substituted ferrocenes are the most
well-studied class of  heteroatom substituted 
ferrocenes and much of  the attention has been
focused in the chemistry of  1,1’- bis(diphenylphosp
hino)ferrocene (dppf) and chiral phosphines 
because the potential applications in catalysis (1). 
Hemilabile ferrocene phosphines are not very
common and as far as we are aware only









(E = O, S) has been reported 
(16). Here we report on the synthesis of  a hemilabile






















which the amides have been deprotonated,  and the 
ligand is acting as N,N,P,P tetradentate has been 
synthesized.
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Experimental section
Instrumentation. Infrared spectra were recorded
in the range 4000-200 cm-1 on a Perkin-Elmer 883
spectrophotometer using Nujol mulls between 
polyethylene sheets. C, H, N and S analyses were
carried out with a Perkin-Elmer 2400 microanalyzer. 
Mass spectra were recorded on a VG Autospec,
with the liquid secondary-ion mass spectra (LSIMS)
technique, using nitrobenzyl alcohol as matrix.
NMR spectra were recorded on a Varian Unity 300
spectrometer and a Bruker ARX 300 spectrometer in





































]OTf  (23), [Ag(OTf)(PR
3
)] (24) were 
prepared according to published procedures.
[Au(OTf)(PPh
3
)] was obtained by reaction of  
[AuCl(PPh
3
)] with Ag(OTf) in dichloromethane and
used in situ. All other reagents were commercially
available.
Synthesis of Fc(CONHCH2CH2PPh2)2 (L)









mmol) in 20 mL of  dichloromethane was added NEt
3
(0.556 g, 5.5 mmol) under an argon atmosphere and
then the mixture was cooled to 0°C. To this mixture
was added dropwise a solution of  1,1’-bis
(chlorocarbonyl) ferrocene (0.827 g, 2.6 mmol) in 
dichloromethane. After   the addition the mixture was
 left  to reach room  temperature and stirred for 24 h.
Then  a  saturated  solution of  NaHCO
3
in
water was added and the organic phase was
separated. Evaporation of  the solvent to ca.
3 mL and addition of  diethyl ether gave the 
ligand L as an orange solid. Yield, 0.947 g,










(696.17): calcd. C, 68.94; H, 5.50; N, 4.02; found: C, 
69.17; H, 5.70; N, 14.14. NMR data. 1H, D: 2.60 (m, 4H,
-CH
2
P-), 3.62 (m, 4H, -CH
2









), 7.12 (m, br, 2H, NH), 7.25
(m, 20H, Ph). 31P{1H}, D: -19.0 (s, 2P) Hz.
Synthesis of [Cu{Fc(CONHCH2
CH2PPh2)2}] PF6 (1) and [Ag(OTf){Fc
(CONHCH2CH2PPh2)2}] (2)













 (0.038 g, 0.1 mmol)
or Ag(OTf) (0.025 g, 0.1 mmol) and the mixture,
protected from the light, was stirred for 30 min. The 
solution was evaporated to ca. 3 ml and the addition
of  diethyl ether gave orange solids of  complexes 














C, 53.09; H, 4.23; N, 3.09; found: C, 52.96; H, 4.42;














), 7.14 (m, 20H, Ph), 7.45 (m, br, 2H, NH). 
31P{1H}, D: -8.0 (s, br, 2P) Hz.













S (953.472): calcd. C, 
51.64; H, 4.01; N, 2.93; S, 3.36; found: C, 52.01; H, 
4.63; N, 2.87; S, 3.31. NMR data. 1H, D: 2.64 (m, 4H,
-CH
2
P-), 3.54 (m, 4H, -CH
2









), 7.30 (m, 20H, Ph), 7.79 (m, br, 
2H, NH). 31P{1H}, D: -1.0 (s, br, 2P) Hz.
Synthesis of [Ag(OTf){Fc(CONHCH2CH2
PPh2)2}(PPh3)] (3)








(0.069 g, 0.1 mmol) in 20 ml of  dichloromethane was 
added [Ag(OTf)(PPh
3
)] (0.051 g, 0.1 mmol) and the 
mixture, protected from the light, was stirred for 30
min. The solution was evaporated to ca. 3 ml and 
the addition of  diethyl ether gave an orange solid














calcd. C, 58.31; H, 4.39; N, 2.30; S, 2.63; found: 
C, 58.23; H, 4.65; N, 2.14; S, 2.63. NMR data. 1H, 
D: 2.68 (m, 4H, -CH
2












35H, Ph), 8.12 (m, br, 2H, NH). 31P{1H}, D: 5.0 and 
-6.0 (br, 3P) Hz.
Synthesis of [Au2X2{μ-Fc(CONHCH2
CH2PPh2)2}] (X = Cl (4), C6F5 (5))








(0.069 g, 0.1 mmol) in 20 ml of  dichloromethane 





)(tht)] (0.090 g, 0.2 mmol) and the 
mixture was stirred for 30 min. Evaporation of  the
solvent to ca. 2 ml yield to orange solids of 4 or 5.
















41.37; H, 3.30; N, 2.41; found: C, 41.71; H, 3.42; N, 









), 7.21 (m, br, 2H, 
NH), 7.60 (m, 20H, Ph). 31P{1H}, D: 24.6 (s, 2P) Hz.
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(1424.09): calcd. C, 
43.81; H, 2.68; N, 1.96; found: C, 44.04; H, 2.41; N,














), 7.31 (m, br, 2H, NH), 7.40-7.80 (m, 20H, Ph).
31P{1H}, D: 32.7 (s, 2P) Hz. 19F, D: -115.8 (m, 4F, o-F), 
-157.8 (t, 2F, p-F, J(FF) 20.2 Hz), -161.8 (m, 4F, m-F).
Synthesis of [Au2{μ-Fc(CONHCH2
CH2PPh2)2}(PPh2)2] (OTf)2 (6)








(0.069 g, 0.1 mmol) in 20 ml of  dichloromethane
was added [Au(OTf)(PPh
3
)] (0.121 g, 0.2 mmol) and
the mixture was stirred for 30 min. The solution was
evaporated to ca. 3 ml and the addition of  diethyl ether 
gave an orange solid of  complex 6. Yield, 0.164 g, 
















(1912.19): calcd. C, 48.95; H, 3.58; N, 1.46; S, 3.34; 
found: C, 49.30; H, 3.82; N, 1.25; S, 3.56. NMR data.
1H, D: 3.07 (m, 4H, -CH
2
P-), 3.92 (m, 4H, -CH
2
N-), 









(m, 50H, Ph), 8.74 (m, br, 2H, NH). 31P{1H}, D: 39.0
(s, 2P); -60°C: AB spectrum, JAB 328.0 Hz.
Synthesis of [Au{Fc(CONHCH2
CH2PPh2)2}]ClO4 (7)













 (0.047 g, 0.1 mmol) and
the mixture was stirred for 30 min. The solution was 
evaporated to ca. 3 ml and the addition of  diethyl 
ether gave an orange solid of  complex 7. Yield, 0.061 










(992.09): calcd. C, 48.38; H, 3.86; N, 2.82; found: C, 
48.15; H, 3.80; N, 2.72. NMR data. 1H, D: 3.05 (m, 4H,
-CH
2
P-), 3.95 (m, 4H, -CH
2













), 7.50 (m, 20H, 
Ph), 8.65 (m, 2H, NH). 31P{1H}, D: 37.4 (s, 2P).
Synthesis of [Au2{Fc(CONHCH2
CH2PPh2)2}] (8)
















mmol) and the mixture was stirred for 24 h. The
solution was evaporated to ca. 3 ml and the 
addition of  diethyl ether gave an orange solid of























 (1088.09): calcd. C, 44.11;
H, 3.33; N, 2.57; found: C, 44.17; H, 3.47; N, 2.68. 
NMR data. 1H, D: 2.97 (m, 4H, -CH
2
P-), 3.44 (m, 4H, 
-CH
2

















), 7.50 (m, 20H, Ph).
31P{1H}, D: 19.2 (s, 2P).
Synthesis of [Au2(C6F5)6
{μ-Fc(CONHCH2CH2PPh2)2}] (9)

















)] (0.144 g, 0.2 
mmol) and the mixture was stirred for 30 min.
The solution was evaporated to ca. 3 ml and
the addition of  hexane gave an orange solid of















(1591.08): calcd. C, 
43.74; H, 2.40; N, 1.76; found: C, 43.86; H, 2.43; 














), 6.87 (m, 2H, NH), 7.53 (m, 20H, Ph).
31P{1H}, D: 11.3 (s, 2P). 19F D: 120.7 (m, 4F, o-F), 
-122.0 (m, 2F, o-F), -156.7 (t, 2F, J(FF) 20 Hz, p-F), 
-157.4 (t, 1F, J(FF) 20 Hz, p-F), -160.4 (m, 4F, m-F), 
-161.3 (m, 2F, m-F).
X-Ray structure determination
The crystal (0.18 x 0.16 x 0.12 mm3) was mounted
in inert oil on a glass ﬁbre. Data were measured 
using MoKA radiation (L = 0.71073) on a Bruker 













, M = 1088.43, orthorhombic,
space group Pnc2, a = 10.2308(9), 
b = 12.3081(11), c = 13.9868(12) Å, U = 1761.2(3) 
Å3, Z = 2, T = -173°C, D
c
= 2.052 Mg m-3, μ = 8.846 
mm-1, F(000) = 1040, 9953 reﬂections measured
(2Q
max
 52°, W-scans), 3454 unique (R
int
 = 0.0454), 
absorption corrections based on multiple scans 
(program SADABS (25)). The structure was solved 
by heavy-atom method, and subjected to full-matrix 
least-squares reﬁnement on F 2 (program SHELXL-
97 (26)). All non-hydrogen atoms were reﬁned
anisotropically. H atoms were included using a riding
model. Reﬁnement proceeded to wR(F2) 0.0616, 
conventional R(F) 0.0307 for 222 parameters, 
S(F2) = 0.952, maximum $R = 1.634 e Å-3. Complete
crystallographic data have been deposited at the 
Cambridge Crystallographic Data Centre 













been prepared by treatment of  the 1,1’-bis
(chlorocarbonyl) ferrocene derivative with 
2-(diphenylphosphino)ethylamine, in a 1:2 molar 
ratio in dichloromethane in the presence of  NEt
3
(see Equation 1). The IR spectrum shows two v(C=O)
absorptions at 1633 (s) and 1623 (s) cm-1 and the 
vibration v(NH) at 3268 (m) cm-1. The 1H NMR
spectrum shows two multiplets for the two methylene 
groups of  the phosphine at 2.60 and 3.62 ppm and 
two multiplets for the A and B-protons of  the 
substituted cyclopentadienido group at 4.33 and 
4.51, respectively. The amido NH-CO protons appear 
at 7.12 ppm. The 31P{1H} NMR spectrum presents
one singlet for the equivalent phosphorus atoms at 
-19.0 ppm.













 or Ag(OTf) (OTf  = triﬂuoromethane




















}] (2) (see Scheme 1). Although
the stoichiometry of  these complexes is similar we 
assume different structures, taking into account the 
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different coordination properties of  the anion, and
that for the copper complex the ligand coordinates
to the metallic center through their four donor atoms
eg. the amino and phosphino groups, and for the 
silver the structure probably corresponds to trigonal
planar silver complex with a coordinated triﬂate,
although a dimer structure with the phosphines
acting as chelate and bridging triﬂate ligands is
possible in the solid state; this structure has been
found for us in many silver(I) complexes with 
bidentate ferrocene ligands (27). The IR spectra 
presents the absorptions for the NH at around 3345 
(m), the v(C=O) at 1633 (s) cm-1, and for 2 those for 


















). The 1H NMR spectrum
shows similar resonances as those in the ligand but
with a different chemical shift. The 31P{1H} NMR
spectra present a singlet at -8.0 ppm for complex 1 
and one broad resonance around -1.0 ppm that 
does not split into the typical two doublets for Ag-P
complexes even at low temperature (-60°C) for 
complex 2. The liquid secondary ion mass spectra
(LSIMS+) show the cation molecular peaks [CuL]+ at
m/z = 759 (100%) and [AgL]+ at m/z = 803 (100%).























Presumably the complex is mononuclear with the 
silver center in a tetrahedral geometry and the 
diphosphine acting as chelate and the triﬂate as 
monodentate. The IR spectrum presents the
absorptions for the NH at 3351 (m), the v(C=O) at 
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1632 (s) cm-1, and those for the coordinated triﬂate 


















). The 1H NMR spectrum presents the typical
pattern for the ligand L. The 31P{1H} NMR spectrum
presents one broad resonance around 8.12 ppm
that is not resolved completely at -90°C, although
points out at AB
2
 system coupled to both silver nuclei.
The liquid secondary ion mass spectrum (LSMS+) 
shows the cation molecular peak [AgL(PPh
3
)]+ at
m/z = 1066 (51%) and the most intense is the
fragment [AgL]+ at m/z = 803 (100%).
The reactivity towards the gold compounds [AuX(tht)] 




) has also been studied and thus the 









equivalents of  [AuX(tht)] leads to the dinuclear 


















(5)) (see Scheme 2). Their IR
spectra show the absorptions for the NH group 
at 3347 (m) and 3368 (m) cm-1, respectively; 
additionally the U(Au-Cl) appears at 330 (m)
cm-1 for complex 4 and those due to the
pentaﬂuorophenyl group in 5 at 1501 (vs), 953 (vs)
and 888 (m) cm-1. The 1H and 31P{1H} NMR spectra
presents the resonances for the protons and the
phosphorus of  the ligand, respectively, with a
different chemical shift. The 19F NMR spectrum of
5 shows equivalent pentaﬂuorophenyl groups and 
thus two multiplets for the orto and meta ﬂuorine 
and a triplet for the para ﬂuorine appears. The mass 
spectra show the molecular peaks at m/z = 1160 
(24 %, 4), 1424 (28 %, 5).





























(6). The IR spectrum presents the
absorption at 3337 (s) cm-1 for the amide group and
the vibration U(C=O) at 1639, apart from those 
arising at the uncoordinated triﬂate anion. The NMR 
spectrum shows a major product that is complex 6
and another compound which is present as a minor 
component. The 31P{1H} NMR spectrum at room
temperature is interesting because it shows two
different resonances; in the low temperature 





unit and also two more resonances that
are attributable to the species shown in Scheme 2 in
which complex 6 is in equilibria with the species













}]OTf  (7). The mass















]+ at m/z = 1763
(25 %) originated by the loss of  a triﬂate anion. To
prove the existence of  complex 7 we have prepared
it deliberately by reaction of  the ligand with one
equivalent of  [Au(tht)
2









}]OTf  (7) in good yield. 
The spectroscopic data agrees with the minor 
component shown in the synthesis of  complex 6. For 
this compound we propose a mononuclear structure
with the ligand acting as trans-chelate, as we have 
previously reported this type of  situation in gold with
other ferrocene-base ligands (28).
















deprotonation of  the nitrogen atoms of  the amides 
and coordination of  the gold atoms in a head-to-tail 
manner to the dianionic ligand by displacement 











}] (8). The IR spectrum shows 
the absence of  the NH absorption and also in the 1H
NMR spectrum this resonance has disappeared.
The 31P{1H} NMR spectrum presents one unique 
signal at 19.2 for the two equivalent phosphorus.
In the mass spectrum the molecular peak plus one 
proton can be observed at m/z = 1089 (15%).
Complex 8 crystallizes in the orthorhombic system 
with the Fe atom of  the ferrocene ligand lying on a 
twofold symmetry axis; consequently its asymmetric
unit cell contains half  of  the molecule (Figure 1 
Figure 1: Molecular structure of complex 8
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shows the molecule generated by symmetry).
The gold(I) atom is bonded to the amido nitrogen of
one of  the phosphine chains and to the phosphorous 
atom of  the other. The geometry around the gold
atom is almost linear as shown by the angle P-Au-N 
176.61° (19). The deviation from linearity may be due 
to the strong interaction between the two gold atoms
(Au-Au distance = 2.8921(5) Å). 
The Au-N (2.052(6) Å) and Au-P (2.225(2) Å)
distances compare well with those found in other 











 (30) in 
which one of  the gold atoms is attached to the amino
nitrogen at 2.052(5) Å and to the phosphorus atom of  
one triphenylphosphine ligand at 2.2412(16) Å. The 
two cyclopentadienyl rings are essentially eclipsed 
and deviated only slightly from being parallel (the 
mean torsional angle C1-X1-X2-C2A is 5.7°, where
X1 and X2 are the centres of  the cyclopentadienyl 
rings; the angle between the best planes of  atoms 
C1-C5 and C1A-C5A is 1.3°). The corresponding 
angle C1-X1-X2-C1A is 91°. The distances of  the 
Fe atom to the centres of  the Cp rings are 1.632
Å. The gold atom is located close to and with short 
contacts to the C1-C2 bond of  the cyclopentadienyl 
group (distances to C1 and C2: 3.405 and 3.197 Å) 
indicating a weak H2 interaction with the Cp ring in a 
similar manner as has been observed in other gold 
and silver complexes with ferrocene derivatives. (31)
The structure also presents a short intermolecular 
hydrogen bond [H23….O(1)# (#: 1+x, 0.5-y, z-0.5)
2.32 Å; C23-H23…O(1) 165.9°]
















}] (9) has also been synthesized by reaction 








)] in a molar ratio 
1:2. The spectroscopic data corroborates the 
coordination of  the tris(pentaﬂuorophenyl) fragments 
to both phosphorus atoms giving a dinuclear derivative
with the ligand bridging both gold centers.
Conclusions









and their coordination 
properties towards group 11 metals have been 
studied. This ligand shows a great variety of  
coordination modes as bidentate bridging or trans-
chelate ligand, as tetradentate neutral ligand and
also as tetradentate N,N,P,P dianionic ligand. The











been solved showing a dinuclear species with the
gold coordinated to the amide and phosphorus 
atoms and also with a short aurophilic contact.
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